We investigated the feasibility of incorporating the use of the personal digital assistant (PDA) in diabetes self-care in primary care.
Evaluating the impact of emerging health information technology or e-health on disease outcomes and its cost effectiveness has been a continuing challenge to health care providers. 1, 2 As a chronic debilitating disease that affects more than 20 million people in the United States, diabetes is one condition that has benefited from e-health to improve patient outcomes. 3 For example, the use of the home blood glucose monitor in the late 1980s began to change the way patients with diabetes were monitored. Three studies demonstrated that the use of home glucose monitors improved patient clinical outcomes, including better control of their blood glucose, lowering of their HbA1c levels, and a trend toward decreased progression of diabetic neuropathy and platelet aggregability. 4 -6 The impact of implementing electronic medical records (EMRs) on diabetic care has also been examined, but with mixed results. Although some uncontrolled studies have reported benefits regarding metabolic control, 7, 8 recent controlled studies have demonstrated little or no such benefits besides the EMRs helping to increase the number of tests ordered. 9, 10 Other newer e-health strategies that have been evaluated in diabetes management include the Internet combined with short message service (SMS), 11 Web-based support systems, 12, 13 electronic clinical reminders incorporated into diThis article was externally peer reviewed. Submitted 20 September 2006; revised 15 Decemberabetes self-care education programs, 14, 15 and the PDA. 16 -20 The role of the PDA and other electronic diaries in achieving better diabetes self-care in patients with diabetes was reviewed by Kerkenbush and Lasome, 17 with conflicting findings regarding reduction in HbA1c levels. 18, 19 Based on the conclusion that the use of electronic diaries could potentially increase patient compliance and improve patient satisfaction, they recommended further studies to determine exactly which patients can benefit most from using PDAs. 17 In a recent comprehensive and systematic review of published papers on the use of PDAs in medicine, Fisher et al 21 also echoed the same sentiments that only a few papers have provided evidence-based information about the use of PDAs in medicine.
Because of the ability of the PDA to keep track of appointments, store phone numbers and addresses, save memos and messages, keep track of tasks with built-in alarms or reminders, and act as a calculator, among others, its use in disease management is receiving increasing attention. 16 The PDA can also be customized to be more intimate with diabetes selfcare through memory expansion to accommodate the storage of diabetes self-care activity monitoring software programs. 16 Examples of commercially available programs for use in PDAs for diabetes self-care monitoring include the GlucoPilot Diabetic (www.healthtech.com/compterglucopilot.html), the UTS Diabetes Palm (www.utracks.com), the EZManager Diabetic (www.animascorp.com), and the Diabetes Pilot (www.diabetespilot.com). Despite the potential utility of the PDA in disease management and the availability of diabetes self-care programs, the feasibility of incorporating PDA use to enhance the self-care activities of patients with diabetes is understudied.
The overall goal of our study is to investigate the feasibility of incorporating PDA use by patients in their diabetes self-care and then to explore among users whether PDA use will lead to improved glycemic control. In this study, we document our initial experiences in testing PDA use for diabetes self-care activity monitoring, highlighting major challenges and identifying patients that are most likely to adopt this technology. Findings from analysis of objective outcome data will be forthcoming after follow-up of all study subjects is completed.
Methods

Study Design and Setting
This prospective intervention study was conducted in 4 of the 15 clinics of a large university-affiliated, multispecialty group practice associated with an 186,000-member Health Maintenance Organization (HMO) in central Texas. The 4 clinics are the largest within the group practice located within 30 miles of the main hospital and were chosen because of their close proximity to the hospital. Data collection began in 2 of the 4 clinics in September 2005, later extended to the other 2 clinics to enhance participant recruitment, and is ongoing. Our Institutional Review Board approved the study protocol, and all participants provided written informed consent before enrollment.
Study Participants and Enrollment Methods
Participants were 18 years of age or older with type 2 diabetes whose last measured HbA1c was 9.0% or greater as identified in their medical records through a search of the organization's data warehouse or 8.0% or greater at their research orientation visit. The lowering of the HbA1c requirement from 9.0% to 8.0% was to further enhance participant recruitment due to decreases in HbA1c values of potential subjects between their identification via medical records and orientation visit. Additional inclusion criteria for study participation were the ability to read, write, and speak English, and willingness and ability to attend 3 research visits. Subjects were excluded if they had a documented alcohol or drug abuse problem, a vision or a dexterity problem, or if they were pregnant or indicated an intention of becoming pregnant within the next 6 months.
The enrollment process consisted of mailing recruitment letters to identified prospective subjects, followed by phone screening of respondents, and subsequent invitation of all eligible subjects for a research orientation visit. First, we enlisted the participation of the physicians in the 4 study clinics. Then we searched the organization's data warehouse for eligible subjects of the physicians with the HbA1c cutoff of 9.0%. Finally, we sent out a list of each physician's eligible subjects, along with predesigned letters of invitation for study participation to the physicians for signed approval. A physician could exclude any subject if he or she did not want them included in the study for any reason. All eligible subjects approved by their physicians were invited for study participation by mail, and those interested were asked to call a designated research assistant (RA) to schedule a research orientation visit.
The phone screening of prospective subjects included review of the study inclusion and exclusion criteria and subsequent scheduling of subjects for the research orientation visit. In addition, oral permission was obtained from each subject during the phone call to review their medical records to ascertain some of the exclusion criteria (eg, documented alcohol problem). If any exclusion was found, the subject was notified and the scheduled appointment was cancelled. At the research orientation visit, a written informed consent was obtained from each subject for study enrollment after which HbA1c was checked again to confirm eligibility (ie, 8.0% or greater).
At the end of each of the 3 required research visits, a $20 Wal-Mart gift card stipend was given to each participant. The same amount of incentive was given to all subjects who did not qualify for the study at their orientation visit.
Intervention
The intervention in this study without a control group consisted of providing each participant with: a loaned password-protected, institutional-registered PDA preinstalled with Diabetes Pilot software (www.diabetespilot.com); one-on-one training on the use of the PDA and accompanying preinstalled software by a trained RA; a copy of the training manual; and 1-week follow-up monitoring phone call and ongoing phone support by the RA.
Diabetes Pilot, which was purchased from Digital Altitudes (Mount Prospect, IL), is a software program designed to make diabetes management easier and more accurate than use of traditional paper logs. It has been designed to handle information in a way that is fast and easy to record and review. It has the capabilities of recording blood glucose measurements, insulin and other medication dosages and administration times, meals, exercise, test results, and other notes. In addition, the program can be used to track intake of carbohydrates, calories, fat, protein, and fiber in the foods consumed using an integrated food database that contains information on thousands of foods including hundreds of fast foods. It can also be used to visualize trends in blood glucose using various report formats and graphs as well as to categorize records by time of day or any other preferred system. Finally, the program allows for fast and easy transfer of data into a complementary desktop program for further analysis and communication with others such as one's health care provider.
Training of Participants
Participants were given instructions on the general features and operations of the PDA as well as the specific features and operations of the Diabetes Pilot software using a pictorial instructional manual that was developed by the RA with input from the software vendor. They were taught the correct way to turn the PDA on and off, to charge and take care of the PDA, to navigate on the PDA, and to enter and delete items as well as the capabilities of the "Notes" feature of the PDA. The different icons on the PDA were explained to them and they were made to actually practice navigation for the RA to see in a hands-on fashion. Finally, the correct procedure for saving data was demonstrated.
Diabetes Pilot features that were covered during the training included entry of blood sugar readings, type and duration of exercise, diet and carbohydrate counts, and medications. After the training, participants were scheduled for return visits after 3 and 6 months. To offset the cost of transportation to the research visits, each participant was given monetary incentive of $20 stipend per visit. Table 1 summarizes the data collection points in this study. At the research orientation visit (baseline or visit 1), data collection included HbA1c, height, weight, and blood pressure, along with sociodemographic and PDA use data. Height and weight were used to compute body mass index (BMI). The PDA use survey included questions on ever using a computer, having regular access to a computer, using e-mail, using the Internet, ever using a PDA and if yes, how comfortable they were in using the PDA, and whether they currently owned a PDA.
Data Collection and Instrumentation
In addition, the RA assessed each participant's computer skills during the training and ranked them as having: (1) no computer skills-absolute lack of computer knowledge and needed additional training; (2) below average-had difficulty navigating PDA and expressed concern about using the PDA; (3) average-understood most instructions and had little difficulty navigating PDA; (4) above average-understood almost all instructions and had little to no difficulty using PDA; and (5) extremely above average-may have owned a PDA, understood all instructions, and had no difficulty at all navigating the PDA.
Data Analysis
To assess any significant differences that could temper or guide our subsequent conclusions, we compared our final study participants with the nonparticipants on available characteristics using the 2 test. Baseline HbA1c values were grouped into quartiles whereas baseline BMI values were grouped into quintiles. We also computed changes in HbA1c values at 6 months from baseline for a subset of the subjects who had completed the 6-month follow-up. Statistical significance was set at the P Ͻ .05 level. We then performed descriptive, univariate analyses to compute means, medians, and standard deviations as well as percentages of baseline continuous variables. Finally, identified research and practical challenges were grouped by theme.
Results
Recruitment of Study Participants
Five hundred and fifty letters were sent out to potential subjects inviting them for participation in the study. However, only 98 interested subjects (17.8%) responded and called to schedule an orientation visit. Of these respondents, 18 were never contacted after we reached our enrollment goal. Of the remaining 80 respondents, 43 (53.8%) met all study inclusion criteria. The reasons for exclusion were subjects' HbA1c falling below 8.0% at the orientation visit (n ϭ 27), identification of a substance abuse problem (n ϭ 1), canceling the orientation appointment and not rescheduling or calling again (n ϭ 7), and expressing no further interest in the study (n ϭ 2). One subject dropped out of the study before the 1-week follow-up monitoring phone call, and 13 others dropped out before the 3-month follow-up visit. Table 2 summarizes the differences between the final study subjects who agreed to enroll in the study (participants) and those subjects who did not (nonparticipants). There were no statistically significant differences between the 2 groups by age group, sex, or race/ethnicity. However, study participants were significantly more likely to have in- Return loaned PDA X surance other than the HMOs and be in worse glycemic control than the nonparticipants.
Demographic Characteristics of Study Participants
Participants' mean age was 55.2 years (SD ϭ 10.1; range ϭ 35 to 77; median ϭ 54) and their mean baseline HbA1c was 10.0% (SD ϭ 1.5; range ϭ 8 to 14; median ϭ 9.7). Table 3 summarizes the sociodemographic characteristics of the final study participants. Approximately one third were younger than 50 years and another third were aged 60 years or older. The majority were female (62.8%) and white, non-Hispanic (62.8%); 83.7% had at least some college education, and most reported an annual household income of $30,000 to $69,999. The vast majority was insured through the organization's HMO (76.7%), with the remaining participants having other insurance plans. Slightly more than one quarter of the participants had a baseline HbA1c value below 9.0%, whereas 20.9% had HbA1c of 11.0% or greater. Only a small minority (7.0%) had a normal BMI (18.5 to 24.9), with 16.3% having a BMI of 25.0 to 29.9 (or overweight). The remaining participants were obese with a BMI of 30.0 or greater, including 27.9% morbidly obese participants with BMI of 40.0 or greater.
Participants' Self-Reported Computer Literacy and Assessed Computer Skills
The vast majority of the participants reported being computer literate: 90.7% reported having used a computer in the past; 87.8% reported having regular access to a computer; 86.0% reported using the Internet regularly; and 83.7% reported using e-mail regularly. However, only 8 subjects (18.6%) reported ever using a PDA, half of whom reported owning one and also being comfortable using the device.
The computer skills of more than half of the participants were assessed to be higher than average, with 18.6% assessed as having skills below average and 14.0% assessed as having no computer skills. Although nearly one third of the participants were assessed to have extremely above-average skills (30.2%), 25.6% were assessed as having above-average skills, and 11.6% having average skills. 
Training of Study Participants
The initial training on the features and operations of the PDA and accompanying software lasted a mean of 57.1 minutes (SD ϭ 16.6; range ϭ 30 to 90). Including the 1-week monitoring phone calls to all participants, the RA made a total of 117 phone calls to participants, lasting a mean of 5 minutes. All 42 participants were called twice, 15 were called 3 times, 14 were called 4 times, and 4 participants were called 5 times.
Cost of the Intervention
The cost of the intervention per participant in this study was assessed as approximately $650. This cost included the cost of the PDA ($200) and software ($25), the time spent by the RA to develop the pictorial instructional manual ($65), the time spent by the RA for the initial training, monitoring, and retraining ($220), monetary incentives ($60), and cost of the HbA1c testing ($80). Table 4 lists our major challenges by time of study and how we addressed each of them. Before subject enrollment into the study, our major challenge concerned the selection of the appropriate PDA operating system. We selected the Palm operating system instead of the Windows operating system because of its ease of use and availability of more software programs for it. Other challenges included choice of appropriate device and software as well as the appropriate teaching tool to provide the instructions. We selected the Tungsten E because of its higher-resolution screen and its nonvolatile memory and the Diabetes Pilot mainly because of prior collaboration with its developer.
Challenges Encountered in Study
Our major challenge during subject enrollment was subject recruitment itself, partly because of decreases in HbA1c values of potential subjects between their identification via electronic medical records and research orientation visit and partly because of the initial low response to our mailed letters of recruitment. A related challenge was budgetary constraints due to having to provide pledged incentives to potential subjects who failed to meet all study inclusion criteria at the orientation visit. Another challenge during this phase of the study related to federal regulatory requirements (Clinical Laboratory Improvement Amendments of 1988) regarding HbA1c testing.
Participants' frustration with entering daily dietary information leading to their consideration to drop out of the study was the major challenge after subject enrollment. Other challenges we encountered at this stage included participants' loss of their instructional folders, difficulty with data entry, and loss of data due to incorrect saving technique after entry. Finally, we experienced difficulty in retrieving our PDAs from the few subjects who later dropped out of the study.
Preliminary Analysis of HbA1c Reduction at 6 Months from Baseline
Preliminary analysis based on 9 participants who have completed the 6-month follow-up shows a significant reduction in HbA1c values after 6 months from baseline (9.4% to 8.1%; P Ͻ .001). For 1 particular participant, there was a 35% drop in HbA1c levels from a baseline of 12.4% to 8.1% after 6 months.
Discussion
The PDA has been shown theoretically and empirically to have great potential as a mechanism for patients to use in maintaining an electronic diary and sharing it with their health care providers either remotely or during scheduled appointments. 16 -24 Because of the novelty of using PDAs for diabetes selfcare monitoring, 18 -20 we were mainly interested in this feasibility study to determine whether patients would be willing to even consider the use of the PDA in their disease management. Therefore, although the data may not justify any conclusions about which patients are most likely to adopt PDA use and succeed in their glycemic control, the data do illuminate on the characteristics of patients who may consider adopting this technology in their diabetic self-care. In addition, the data uncover some practical challenges of concern to the practicing family physician who may want to consider encouraging patients in their practice to adopt PDAs for their diabetes self-care.
Although, our data show that it is feasible to incorporate PDA use in diabetes self-care with possible improvement in glycemic control based on our preliminary analysis, several research and practical challenges of attempting to incorporate this e-health in diabetes self-care do exist. The major challenges of specific concern to the practicing family physician we found included few subjects agreeing to enroll in the program even though it was free, subjects who agreed to enroll being generally different from those who decided not to enroll, some PDAs not returned, and the relatively high cost of the intervention. We found that patients likely to even adopt this technology are those educated ones with a medium to high income and some prior computer knowledge. These findings are consistent with those found for users of any new technology such as the Internet and e-mail in many diverse settings. [25] [26] [27] In a study to assess e-mail use in our own health care system, we found the highest use prevalence in a clinic located in a university city, where the clinic clientele had the highest educational attainment. 25 It is important to note that although this study attracted well educated, primarily computer-literate people, those with clinical risks were also included. The study participants were primarily overweight or obese, people at high risk for complications of diabetes who probably saw this new technology as a way of improving their diabetes management.
We estimated the cost per participant in this feasibility study to be approximately $650, including the cost of the PDA, the diabetes management software, and the training, monitoring, and retraining time as well as the monetary incentives and cost of HbA1c testing. However, in a real clinical practice setting, the cost per participant should be much less for several reasons. First, the cost of the training manual, which has already been developed and can be edited and shared freely with practicing physicians, will be eliminated. Second, prices of PDAs and associated software continue to decrease. Finally, in a real clinical setting, patients will not expect any monetary incentives and the cost of the HbA1c will also be offset by usual clinical care costs and taken up by their health insurance.
From research perspective, the major challenges that we encountered in this endeavor seem to be related to training and costs. This is in contrast to a previous study that found technological malfunctions as the major challenge or barrier. 20 The training required for this effort was found to be enormous. For example, because many proprietary software programs come with voluminous manuals that are likely to overwhelm patients, it may be necessary to develop one's own manual for use in the training of participants. This can be a huge task as was the case in this pilot study. It was also necessary to retrain the few people who were not as computer literate as the majority, particularly regarding the correct or proper way to save entered data into the PDA.
The other challenge of this technological endeavor was the burden of daily data entry. This might have been compounded by participants' limited time due to family and job constraints and their inability to fit the program into their daily activities as found by others. 28 In fact, several participants became so frustrated with the daily dietary entry that some of them contemplated dropping out of the study. This challenge, with the potential of huge study attrition, was resolved by getting back to the participants and informing them that daily dietary entry was not necessarily required. This challenge obviously calls for constant review of software programs to ensure that the tasks required of users are feasible and are as practical as possible.
Our major research challenge of initial low subject enrollment was partly resolved by expanding our recruitment to other clinics, which resulted in better subject enrollment and also explains why we had 18 more interested subjects than needed to reach our enrollment target. This was also the reason why we lowered the HbA1c requirement from 9.0% at subject's identification in the EMR to 8.0% at the research orientation visit.
Findings from this pilot study ought to be interpreted vis-a-vis some study limitations. First, the study clinics were self-selected. Therefore, the findings may not be generalized to other clinics in our own health care system or other HMOs. Second, the study participants differed from eligible potential nonparticipants by their HbA1c levels and insurance type. Other important variables such as education and family income could not be compared between participants and nonparticipants because we did not interview the nonparticipants to obtain such information, which could also not be obtained from the EMR. In addition, it is possible that some of those who refused to sign up might have had some prior knowledge about the cumbersome dietary entry activities associated with diabetes management software, which could have negatively influenced study participation. Participants' self-perception of the benefit of the program in helping them manage their disease may have also differed but this variable was not measured. Finally, participants' ongoing participation in the study may partly have been influenced by the personality of the research staff who provided the ongoing support, encouragement, and constant reassurance.
Although this feasibility study has shown that it is feasible to incorporate PDA use in diabetes self-care, it is important to find ways of making this technology easier and more acceptable to a broader population who may be at a higher risk. For example, patients need to be told by their physicians upfront that daily dietary entry would not be necessarily required. Future studies need to examine ways of overcoming barriers to PDA use and to design methods to track data in real-time environment and expedite communication between an Internet service provider and a central data repository with feedback to patient's providers. In addition, future studies need to compare program costs with potential benefits such as prevention or avoidance of diabetes complications in a cost-benefit analysis as well as link PDA adoption and use to outcomes, particularly that of glycemic control.
